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3.1 Introduction 

    In the chiral orthogonal smectic phases of liquid crystals, the 

molecular directors are oriented in a direction parallel to the layer normal 

like their achiral counterpart. Depending on the symmetries of the in-

plane molecular arrangements they are classified in different mesophases 

like   SmE*, SmB* (SmB*Cryst, SmB*hex), SmA* etc. In SmE* phase, the 

molecules are arranged in an orthorhombic unit cell with herringbone 

structure. SmB* is an orthogonal hexatic phase and in SmA* there is no 

structural order within the layer. The detail structure of each of these 

phases have been discussed in many books [1–3]. From the perspective 

of fundamental research, it’s always appealing to inculcate the structural 

properties of orthogonal smectic liquid crystals for their diverse 

structures and in-plane symmetries. The knowledge about their structure 

can also be handy to identify and categorise the different orthogonal 

phases. Besides, the inter-molecular interactions, which are intimately 

related with the structural parameters, play a crucial role on the dielectric 

and electro-optic properties of the phase. Moreover, the orthogonal 

smectic mesogens have drawn the attention of various research groups 

also for their possible applicability. For their self assembly and two 

dimensional structures they are likely to be functional materials. For 

example, an orthogonal smectic liquid crystal Ph-BTBT-10 shows SmE 

phase with highest mobility and can be used to build an organic field 

effect transistor (OFET)  [4–6]. Other smectic liquid crystals have also 

been used designing OFET [7]. Smectic liquid crystals have also been 

used in sensing applications [8].  

   Molecular structures of liquid crystals have profound effect on their 

physical properties and also on their phase behaviour. This can be 

observed even in the compounds selected for investigation in this 
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dissertation. Out of these compounds, the compound having the smallest 

chain (only one carbon in its fluorinated chain) i.e. 1F3R [(S)-(+)-4/-[(3-

trifluoroetanoyloxy)prop-1-oxy] biphenyl-4-yl 4-(1-methylheptyloxy) 

benzoate.], shows four different types of chiral orthogonal smectic phases 

within a span of ~71°C and then melts into isotropic phase, with no tilted 

phase in between as observed in higher homologues [9]. This is one of 

the rare chiral compounds, showing large numbers of temperature 

induced orthogonal smectic phases within such small temperature range, 

with no tilted phase in between. To the best of our knowledge four 

orthogonal smectic phases were observed before only in an achiral bent-

core system [10]. Thus, this can serve as an ideal candidate to investigate 

the structural and dielectric properties of chiral orthogonal smectic 

phases. Keeping this in mind we are reporting in this chapter, the phase 

behaviour as well as structural and dielectric relaxation properties of the 

compound 1F3R, whose molecular structure is shown in figure 3.1.  

 

 

Figure 3.1: Molecular structure of 1F3R. 

3.2 Experimental procedure 

    The transition temperatures of the compound were identified using 

polarising optical microscopy (POM) and differential scanning 

calorimetric (DSC) study. Olympus BX41 polarizing microscope 

equipped with a CCD camera was used for POM study.  Metller FP90 

temperature controller with FP82 hot-stage was used to control the 
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temperature with an accuracy of ±0.1°C. DSC was done with the same 

temperature controller, along with FP84HT hot stage and FP99A 

software.  

   The structural properties of different mesophases were investigated by 

small angle X-ray scattering (SAXS) experiments using PETRA III 

synchrotron beam line at P07 Physics Hutch station at Deutsches 

Elektronen-Synchrotron (DESY), Hamburg, Germany, within an angular 

range of 2θ = 0 - 5°. Lindeman glass capillary of diameter 0.1 mm was 

used as sample holder. A beam of wavelength 0.2483 Å was used for this 

experiment.  

   To perform the dielectric study the sample was fed into a homogeneous 

commercial cell (EHC, Japan) of thickness 8μm. The alignment of the 

sample within the cell was achieved by a slow controlled cooling from 

isotropic phase to the desired temperature. The dielectric permittivity was 

measured using  a Hioki 3532 50  Impedance analyzer  in the frequency 

range from 100 Hz to 5 MHz while in the frequency range of 0.1mHz to 

270 kHz a HIOKI IM3533  analyzer   was used. The dielectric spectra at 

each temperature were fitted to the Cole-Cole function [11], modified to 

take into account the low frequency parasitic effect (equation 1). 

𝜀∗ = 𝜀/ − 𝑖𝜀// = 𝜀∞ + ∑
∆

( )
− 𝑖

∈
                                         [3.1] 

Here, ∆𝜀  is the dielectric increment, 𝜀∞ is the real part of high frequency 

limit dielectric permittivity, τk is the relaxation time and αk is the 

symmetry parameter of k-th mode relaxation, σ is the conductivity of the 

cell due to charge impurities, angular frequency 𝜔 = 2𝜋𝑓 is the angular 

frequency of the measuring field and  ∈   is the free space dielectric 

permittivity.  
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    As mentioned in chapter 2  to accommodate the contribution of free 

charges and ITO layer, in the conductivity part (third term) “” has been 

taken as 2πfn, where n is a fitting parameter [12]. The fitted value of “n” 

is found to be ~1 in all spectra of 1F3R. Hence in subsequent chapters we 

assumed that the behaviour of the cell in low frequency is ohmic and 

considered n=1. 

    Details of all these experiments have been presented in chapter 2. 

3.3 Results and discussions 

3.3.1 Observed phases 

    A phase sequence of this compound, based only on the POM study, 

was outlined in a prior publication, where the synthesis of this compound 

was reported [9]. With rising temperature, the compound was stated to 

exhibit SmE*, SmB* and SmA* phases before going to the isotropic 

phase. However, except POM results, no further substantive evidence 

was provided to identify the phases and the nature of SmB* phase was 

not confirmed. In our study, we have identified the structures of all the 

phases by SAXS and combining the results of POM, DSC, SAXS and 

dielectric study confirmed that the SmB* phase was actually SmB*hex 

phase. Moreover, a new phase was identified in between SmB* and 

SmA* phases which we initially designated as SmX* phase but finally 

had been established to be a variant of SmB*hex phase. The phase 

sequence of 1F3R, as observed in our study is listed in table 3.1.   
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Table 3.1: Phase sequence with transition temperatures of 1F3R 

From Texture:  Cr 80oC SmE* 99oC SmB* 119oC SmX* 127.5oC SmA* 151oC Iso 

From dielectric and XRD: Cr 80oC SmE* 103oC 𝑆𝑚𝐵∗  121oC 𝑆𝑚𝐵∗  127.5oC SmA* 

1510C Iso 

mo: more ordered;  lo: less ordered   

3.3.2  Differential scanning calorimetry (DSC) 

    DSC thermograms, both for heating and cooling cycles, are shown in 

figure 3. 2. In both thermal cycles the thermograms show almost same 

transition temperatures.  

 

Figure 3.2:  DSC thermogram of 1F3R in heating and cooling cycle.  

    However, SmX* phase could not be identified in DSC data probably 

due to very small change of enthalpy at this transition. Lack of such 

thermal signature at transitions involving higher ordered smectic phases 

is quite frequent as discussed by Budai et al. [13].  

3.3.3 Polarized optical microscopy (POM) studies 

    Optical textures, observed during cooling (except figure 3.3 (b)), at 

selected temperatures are shown in figure 3.3. In all the phases fan 
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shaped textures were observed. Transition bars (parallel lines) appeared 

in the texture at the SmA* to SmX* transition temperature (127°C) while 

cooling (figure 3.3 (c)). The lines vanished quickly after entering into 

SmX* phase, leaving a clear fan shaped texture once again. Though no 

such line appeared during heating, but the fan shaped textures exhibited 

parabolic focal conic defects in SmA* phase (figure 3.3 (b)). This typical 

observation was reported before for SmA to hexatic B or crystal B 

transition in an achiral system [14]. Thus from POM study it could be 

deduced that the SmX* phase must be some kind of SmB* phase. For 

both SmB* and SmE* phases parallel lines appeared across the fan 

shaped texture, however, in SmE* phase these lines were slightly 

stronger than in SmB* phase.  

Figure 3.3:  Observed textures of 1F3R at a) SmA* (143⁰C) b) SmA* 

during heating (130⁰C) c) SmA* to SmX* transition (127⁰C), d) SmX* 

(125⁰C), e) SmB* (112⁰C) and e) SmE* (91⁰C).  
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3.3.4 Optimised geometry  

    To elucidate the effect of molecular structure on the various properties 

of the material, the molecular structure of the compound was optimised 

applying Hartee Fock method and using 3-21G basis set in a commercial 

package [15].  The optimised structure of the molecule, the direction of 

principal inertial axes and the molecular dipole moment are shown in 

figure 3.4. The optimised length was measured to be 32.58Å and the 

dipole moment was found to be 6.60D with components of 4.93, 4.37 and 

0.11 D along the three inertial axes, respectively. Such strong dipole 

moment might be attributed to the presence of the fluorine atoms in the 

chain of the molecule. It should be noted here that the initial structures of 

all the compounds taken for optimisation, that we are going to report in 

this dissertation, were build up from one single core of the molecule. 

Different compounds were built by modifying only the chain. This 

process differs from the process of optimisation that was reported in the 

published paper. Hence the optimised parameters reported here differ 

marginally from the values quoted in the paper.   

 

  Figure 3.4: Optimised geometry of 1F3R. 
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3.3.5 Synchrotron X-ray diffraction study 

    The structural properties and temperature evolution of each phase were 

studied by synchrotron X-ray diffraction method. The transition 

temperature observed by SAXS was found to be shifted towards higher 

temperatures by a few degrees, than what were observed in dielectric, 

DSC and texture studies. This may be due to the fact that the compound 

was in different temperature bath in those cases and had different thermal 

history as well. By slow cooling and surface interaction the sample got 

aligned in the capillary, with molecular axis perpendicular to the beam 

direction even without any electric or magnetic field. In all the higher 

order smectic phases strong low angle maxima, corresponding to smectic 

layer spacing and high angle maxima corresponding to in-layer ordering 

were observed. Few representative diffraction photographs for each 

smectic phase are shown in figure 3.5 while their intensity profiles are 

shown in figure 3.6 and 3.7.  

 

 

Figure 3.5: Diffraction photographs of (a) SmE* (89.5oC) (b) 𝑆𝑚𝐵∗  

(107oC) (c) 𝑆𝑚𝐵∗  (SmX*) (125oC) (d) SmA*(140°C) phases.  
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    It is evident from figure 3.5 that the maxima of the low and high angle 

diffraction features are at 90o apart which signifies explicitly that all the 

phases are orthogonal in nature. Occurrence of pretty strong second order 

diffraction maxima at low angles also implies long range ordering across 

the smectic layers in all the phases. However, the intensity of the second 

order feature reduces with temperature as expected. It is also seen from 

figure 3.5 that two sharp outer rings at higher angles are present in higher 

order smectic phases, whereas in SmA only one diffused high angle 

maxima is visible. It signifies the presence of positional ordering or bond 

orientational ordering within the layers in higher order smectic phases 

and absence of any such ordering in SmA* phase. The SmX* phase can 

also be distinguished by the emergence of satellite feature in higher angle 

outer ring, clearly visible in figure 3.7.  

 

 

 
Figure 3.6: Intensity profile of inner ring: (a) SmE*(89.5oC), (b) 

𝑆𝑚𝐵∗  (107oC)  (c)  𝑆𝑚𝐵∗  (125oC) and (d) SmA*(140°C).  
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𝜉 = , where FWHM is the full width at half maxima  in the 

scattering vector (Q) of the relevant Bragg’s peak[21].  The temperature 

variation of correlation length is depicted in figure 3.11. 

 

Figure 3.11: Temperature variation of correlation length (a) across the 

layer and (b) within the layer. 

    The correlation length across the layer varies with temperature 

differently at different phases. In the SmE* phase it increases from ~ 371 

Å to ~ 375 Å and ultimately drops down sharply to ~ 333Å in SmB* 

phase. In SmX* phase it decreases strongly with temperature and reaches 

a minimum value of 236 Å. It continues to decrease in SmA* phase and 

reaches a lowest value of 180Å.  The correlation length across the layer is 

found to be 11.4 times of the optimised molecular length in SmE* phase 

which implies that across the layer the correlation is extended upto nearly 

11 molecular lengths in this phase. The same is found to be 

approximately 10, 7 and 5 molecular lengths in SmB*, SmX* and SmA* 

phases, respectively.  

    As far as the correlation within the layer is concerned, it shows quite 

high values in higher order smectic phases. It is found to be 656Å, 600Å 

and 534Å in SmE*, SmB* and SmX* phases respectively, much higher 

than those for across the plane correlation. During the phase transition 



 

from HexB to CryB phase this kind of discontinuity in the correlation 

length had been reported before 

correlation is recorded to be ~11Å in S

observed at SmB* to SmX* and SmX* to 

of correlation lengths, once again confir

It had been explained before theoretically that smectic structure with 

dislocation type imperfections might lead to local displacements of the 

layers resulting in a much larger broadening of Bragg peaks in the 

direction 𝑄|| , which is related with interlayer correlation, than in

which is related with the in plane correlation

compound.  

    The cell parameters ‘a’, ‘b’ and ‘c’ in SmE*, SmB* and SmX* phases 

were estimated by a method used for indexing SmB* diffraction 

photographs, as discussed in 

and c represent the distance between the centre of mass of the adjacent 

molecules, the molecular diameter and smectic layer thickness ‘d’ 

respectively. ‘c’ and ‘b’ can be directly calculated from 

‘a’ is calculated from the relation a=2bcos30° which can be derived for a 

c-base centred orthorhombic unit cell resulting from a hexagonal lattice 

with herringbone structure as shown in 

Figure 3.12:  Hexagonal lattice with herringbone structure.
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from HexB to CryB phase this kind of discontinuity in the correlation 

length had been reported before [22]. The lowest value of in

correlation is recorded to be ~11Å in SmA* phase. The anomalies 

at SmB* to SmX* and SmX* to SmA* transitions, 

of correlation lengths, once again confirms the existence of SmX* phase. 

It had been explained before theoretically that smectic structure with 

mperfections might lead to local displacements of the 

layers resulting in a much larger broadening of Bragg peaks in the 

which is related with interlayer correlation, than in

which is related with the in plane correlation [23], as observed in our 

The cell parameters ‘a’, ‘b’ and ‘c’ in SmE*, SmB* and SmX* phases 

were estimated by a method used for indexing SmB* diffraction 

photographs, as discussed in reference [19,24]. Here the parameters a, b 

and c represent the distance between the centre of mass of the adjacent 

molecules, the molecular diameter and smectic layer thickness ‘d’ 

. ‘c’ and ‘b’ can be directly calculated from d001

is calculated from the relation a=2bcos30° which can be derived for a 

orthorhombic unit cell resulting from a hexagonal lattice 

with herringbone structure as shown in figure 3.12. 
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orthorhombic unit cell resulting from a hexagonal lattice 

Hexagonal lattice with herringbone structure.  
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    Values of d110 spacing were calculated using the values of the cell 

parameters and were compared with the observed values. It had never 

deviated more than 0.3Å signifying that the estimated cell parameters 

were quite good. Both the SmE* and SmB* phases are believed to 

exhibit herringbone crystal structure, though in SmB* phase herringbone 

structure is observed locally [1,3,16]. This is in conformity with our 

observation. No change in the structure of unit cell was observed even in 

SmX* phase. However, the values of the cell parameters are found to 

change at different phases. It implies that both the SmB* and SmX* 

phases are hexagonal type and displacive kind of phase transition is 

involved rather than reconstitutive type [25,26]. After calculating the 

volume of the optimised molecular geometry, the packing fraction (p) 

was calculated in each phase which was found to be ~ 0.65. It signifies a 

close packed hexagonal structure. Packing fraction of this order for 

hexatic B phase has been reported earlier [19]. It is worth mentioning 

here that in some earlier report it was suggested that the molecular flip 

flop rotation around short axis is possible for  p ≤ 0.65 [19,27], which 

have indeed been observed in dielectric spectroscopic study, as will be 

described in the next section. The values of the cell parameters, observed 

and calculated values of d110 spacing and packing fraction at different 

phases are summarised in table 3.2. 
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Table 3.2: X-ray data in SmE*(90°C), SmB*(110°C) and SmX*(123°C) 

phases  

Phase       a (Å)              b (Å)                  c (Å)                   d110 (Å)              d110 (Å)             p 
                 [calc]            [d010 obs]           [d001 obs]            [calc]                 [obs] 

SmE*   8.85±0.02      5.11±0.002         35.50±0.15          4.43±0.008      4.63±0.010    0.65±0.006 

SmB*   8.87±0.03      5.12±0.009        35.50±0.15          4.44±0.02        4.69±0.004    0.65±0.010 

SmX*   8.88±0.01      5.13±0.0035      35.31±0.2           4.44±0.01        4.73±0.003    0.65±0.010 

calc: calculated data      obs: observed data 

3.3.6 Dielectric spectroscopy study 

    Frequency dependent dielectric relaxation study was done in cooling 

cycle. To confirm the existence of different phases by dielectric method, 

the transverse component of the real part of the dielectric permittivity (ε/) 

at 100 Hz is plotted against temperature and shown in figure 3.13. 

 

Figure 3.13: Temperature dependence of real part of dielectric 

permittivity /
 at 100 Hz. 

    The real part of the dielectric permittivity (ε/) was found to increase 

with temperature as expected. The minimum value of ε/ in SmE* phase 

was observed to be 2 and finally it reached to 486 in SmA* phase. The 
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data in each phase are fitted with polynomial equation of order 2. It is 

evident from figure 3.13 that the curvature of the fitted data changes in 

each phase transition, including the transitions associated with the newly 

identified SmX* phase. Hence, the occurrence of SmX* phase can be 

confirmed even by dielectric measurements. Such changes at transition 

points were also observed in higher members of the series 4F4R 

[discussed in chapter 6]. 

   All the dielectric spectra were fitted to the modified Cole-Cole 

function. Two representative fitted spectra, showing Maxwell Wagner 

(MW) mode and short axis relaxation (SA) mode, discussed below, are 

shown in figure 3.14. Corresponding Cole-Cole plots are shown in 

figure 3.15. No collective mode relaxation is observed in this compound.  

  

Figure 3.14: Fitted spectra of (a) MW mode in SmB* phase at 1050C and 

of (b) SA mode in SmE* phase at 810C. fitted parameters for a) ΔεMW 

585± 4.7, fc MW 45 ±0.5, αMW 0.08± 0.006, σ 8.21E-9± 3.0E-10, 

n=0.98±0.04 and for b) ΔεSA 1.8± 0.03, fc SA 62000 ±27, αSA 0.01± 0.002, 

ΔεITO 3.4± 0.07, fcITO  2800000 ±654, αITO 0.04± 0.03, σ 3.8E-7± 2.624E-

9, n=0.99±0.05 
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Figure 3.15: Fitted Cole-Cole plot of (a) MW mode in SmB* phase at 

1050C and (b) SA mode in SmE* phase at 810C. 

   In SmA* phase only one low frequency relaxation mode was observed. 

The critical frequency of this mode was found to increase from 100Hz to 

950Hz with temperature. The dielectric increment (Δε) of this mode was 

very high and also found to increase with temperature (696-809) and it 

could be suppressed by applying adequate DC bias. This particular mode 

was observed in all other phases including the crystal and isotropic phase. 

Usually the dielectric relaxation in SmA* phase is dominated by only one 

collective mode that is the soft mode (SM) which arises due to the 

softening of polar part of the tilt fluctuations. The detail mechanism of 

this mode was discussed in chapter 2. But the critical frequency of the 

relaxation mode observed for this compound in SmA* phase is 2 order 

less than the expected soft mode frequency. The dielectric increment is 

also much higher than the values reported for soft mode relaxation. 

Moreover, soft mode is not suppressed by DC bias. These facts suggest 

that the observed peak is not due to soft mode relaxation. Looking into 

the frequency range, the values of Δε and its bias dependence and also 

considering the fact that this relaxation sustains even in the crystal and 

isotropic phase, this mode has been identified as Maxwell Wagner (MW) 

mode of relaxation which arises due to accumulation of charge in the 

interface of heterogeneous materials having non-zero electrical 
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conductivity [28]. Distinct MW mode was also observed in all phases in 

the higher homologue 6F3R, discussed in chapter 5. For a few other 

homologues (2F6R, 4F6R, 6F6R) of the present series MW mode was 

also reported earlier. But in those cases the mode was not observed as 

distinctly, since MW mode was overlapped by the conductivity 

contribution [29].  

   As described in chapter 2, soft mode is usually observed throughout 

SmA* phase and also in SmC* phase in the vicinity of SmA* to SmC* 

transition. When a liquid crystal compound is cooled down from 

orthogonal SmA* phase to the tilted SmC* phase, the elastic constant, 

responsible for keeping the molecules perpendicular to the smectic layer, 

vanishes. Due to softening of the restoring force, when an AC signal is 

applied, the molecules vibrate with fluctuations in their tilt angle. This 

gives rise to the soft mode relaxation. Thus, it can be argued that since in 

1F3R there is no tilted phase below SmA* phase, no soft mode relaxation 

is expected. Absence of soft mode in SmC* phase had also been reported 

earlier for the members 4F3R, [30] 4F4R, 4F5R, 5F3R and 6F3R 

(discussed in chapters 5 and 6 ), which directly melts to isotropic phase 

from SmC* phase. Thus it can be inferred that SM is possible to observe 

only when orthogonal to tilted phase transition is present in a material.  

    In all other phases (SmX*, SmB* and SmE*) a high frequency second 

relaxation was observed. The critical frequency of this mode increases 

with temperature in SmX* (85 kHz- 86.5 kHz) and SmB* (70 kHz-85 

kHz) phases, while the dielectric increment decreases in both the phases 

(SmX*: 1.3-1.1, SmB*: 1.6-1.3). Looking at the temperature dependence 

and range of the typical values of critical frequency (fC) and dielectric 

increment (Δε) it can be concluded that, this mode is due to fluctuation of 

molecules about their short axis (SA) [31]. It is in conformity with the 
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value of packing fraction of the unit cell, calculated from SAXS data, 

which ensured that the molecules had enough space inside the unit cell to 

have molecular flip-flop rotation around its short axis. When the 

compound is cooled down to SmE* phase from SmB*, the relaxation 

frequency of this mode drops discontinuously to 50 kHz from 71 kHz. 

Within SmE* phase, however, fC increases slightly with decreasing 

temperature. A similar discontinuous decrease in Δε is also observed. 

   Critical frequency and dielectric increment of all the modes in all 

phases have been shown in figure 3.16 for comparison which again 

confirms presence of the SmX* phase. 

   The high frequency SA mode of relaxation, however, was not observed 

in SmA* phase, probably because of the well planar alignment of the 

molecules in this phase. Besides, the value of dielectric increment of this 

mode decreased sharply with temperature, becoming very small in SmA* 

phase. Evolution of the real and imaginary parts of the dielectric 

permittivity in different phases (figure 3.17 and 3.18 respectively) 

clearly depicts how the short axis mode became absent in SmA* phase. 

  

 

Figure 3.16: Temperature variation of (a) critical frequency and (b) 
dielectric increment. 
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   Temperature dependence of critical frequencies of the SA mode obeys 

Arrhenius law in SmB* and SmX* phases but not in SmE* phase (figure 

3.19). It was reported before that in some compounds both the long and 

short axis rotation modes in the SmE* phase did not follow Arrhenius 

law [32]. Activation energy in SmB* phase is found to be 14.2 kJ mol-1 

which substantially decreased to a value of 3.78 kJ mol-1 in SmX* phase.  

Change in the activation energy again confirms the presence of the new 

phase. It was also reported earlier that in the crystal B phase the short 

axis relaxation is frozen whereas the long axis relaxation sustains 

[24,32,33]. Therefore SmB* and SmX* phases cannot be of crystal 

SmB* type. 

 

Figure 3.17: Real parts of the dielectric spectra in different phases. 
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Figure 3.18: Imaginary parts of the dielectric spectra in different phases.  

 

Figure 3.19: Arrhenius plot for 1F3R.  

 

   Besides, two variants of hexatic B phases -one more ordered and 

another less ordered- was reported before to persist together in some 

compounds and those were differentiated on the basis of the change in 

activation energy [24]. Thus it is concluded that the phase which was 

simply identified as SmB* in the synthesis paper [9] is a more ordered 

hexatic SmB* phase while the new phase, which initially we designated 

as SmX* phase, is a low ordered hexatic SmB* phase.  
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3.4 Conclusion 

   From different features observed in polarising optical microscopy, 

synchrotron X-ray diffraction and frequency domain dielectric 

spectroscopy studies it is concluded that three orthogonal smectic phases  

– SmE*, SmB*hex and SmA* –  are present in the biphenyl benzoate 

chiral compound 1F3R and the SmB*hex phase exhibits two variants – the 

lower temperature phase is more ordered. The proper phase sequence of 

1F3R is, therefore, finally taken as: Crystal – SmE* – 𝑆𝑚𝐵∗ – 

𝑆𝑚𝐵∗ – SmA* – Isotropic. All higher homologues are reported to have 

at least one tilted phase. All the phases are partially bilayer type, 

observed first time in a chiral system. Transition from SmE* to SmB*hex 

and within the two SmB*hex variants are of displacive type. No collective 

mode relaxation is observed. Low frequency Maxwell Wagner mode has 

been observed in all phases with high dielectric increment. Short axis flip 

flop mode relaxation is present in both the SmBhex phases as well as in 

SmE* phase but only in the hexatic phases it shows Arrhenius behaviour. 

Absence of SA mode in SmA* phase is explained. No soft mode 

relaxation is also observed in SmA* phase. Comparing relaxation results 

observed in other homologues it is inferred that SM is possible to observe 

only when orthogonal to tilted phase transition is present in a material.  
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